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l’his pa]xr  rcporls a prclill)irlary  study rcsul( of at] on. board S] JN’CbO1’IIC  SAR ~)roccxml. It consists of a
processing rcquilclnent  analysis, functional specifications on cListoIn  hardware., atlci consich  ation on
illll)lc]l]elltatioll  appmachcs. ~~inally,  a  nlinill]urn version of this on-board processor’ desi Sncd for
pCJ’fO1’lnancC cvalua(ion  and fOr partial dC.IllollStl”il(  ioll° is illllstra(c(i.

1. IN’J’I<OI)UC’HON

Spaccborl]e  SAR processing for NASA S~\R Iliissio[ls has txxn carried out by ground  processing
faci]i(ics for two decades. }Tocc!ssirlg  t]lc SAR ciau[ on bcm’d tlm spacecraft was al] Ll]lachicvable  goal c]Lm
[o lack Of IIWC.SSaIy t~c}]rlo][)~,y. [Jntil recc[t[]y,  ttlc c:l~)a[)ili[y  Of a s])accborIle.  COIIIpUIm  }I:IS b e e n  b e l o w  ttle

range  of several million instl Llctions  per second. As a com]wisorl, 10 achieve rtxd-titllc  SAR processing
SllCh :1S a Scasat  like  m i s s i o n ,  i t  mqLlilcs  ilt lcxil 10 g i g s  ftoatil]~,  poiI)t  o])cralions (GF1  ,0}’)  pcr scconcl.
1 IOwcvcr, tllc recent aggressive acbmncelne[lt  in tile vary large  scale integrated circLlit  (V] .S1) technology
]1:1S  cil’ilIll~tiCIL]]y  J’CdLICd [}]is ~ap. Omboa!  d coIIlputc.r wit t 1 over OIIC Cil;l C)]’ c:qmbi]ity  has alreac]y
PL1l SLKXJ by SCVCIai  VCIl[iOrS. “]’hLIS,  on-boarcl  SF\R processing will lx a ]]mnlising  altm~ative irl the mar
flltLll  C.

“1’}]c  adval]tagcs  of processing the, SAR da(a ol)-boa]  d aTe the follc)wir!ss. };irst,  it allows a l[ighcr
prccisio~l (n]ojc bits) SAT< dat:( fcc~ ilIto ttlc ])1 OCXSSOI  to gCI)C. I ate, lxt[c I qualltv  irIla~c.. SCCOIK],  it WOLl]d
c.rlab]c  a rllorc cffcctivc  (tat:l  col[lp[ession  (o rc(lucr,  ttlc (]owIl  ]i])k data rate and tt)c  amount  of clata  to b-e
archival. ‘l’his is very critical to the succcss of a nl~]lti-bal)d  ar)d ]]llllti-]>~>l:~  r-iz,:ttior]  racial  to lx fIOWII in tk
rlC:ll” fLlt  LU’C. ‘] ’hi J”(t, 1( rC(]LICCS tllC CC)St aSSOCi2KC(i  With gl OLl]lCi data processing OpCratiO1lS.  }; OUI’th, it
j)mvides  a qLlick  fccdbac~  to tllc HKiaI  c.otl[Io]]cu  tO crlsuI-c  pI O])cr  I :1(]:11’  opcr-:l(joil  SUC}I  as Ltsifl: t h e  t o r i ’ c c t

]mir]tillg  ang)lcs  ald raciar paramctc!s  for various ty]m  of targets.

]’liol s~)accborrlc  SA]< Il]jssjotls inc]udin:  Sc[lsil[, ]i]<s, J},]<S,  arlci S]I< scri~s I1121)I)cc]  (}IC E~arth
SLlr”f:lCC  t)y usi I.)g a  StI i])  II IcJck opc. ratic)I~. ‘1’hc  r)cw]y ]aLIIIdhcd  RAI )ARSArl’ and fLltLlrc  J ‘,lNVISArl’  I’Llrthcr
itlclucie  a wide Swath imaging  I]lode rlal]lcd  ScanSA}<, JIot}l of t]]csc irll:l~ing  rl]o(]cs :UC corlsidclcd  as basic
1~1 occxsirlp,  ca~)abilities  quid by tllc  on-board pI occssor.

2.J. !$trip  illode Algorithms

A Stl’ip n]oclc SAR systcln  is tile  Inost  comlnoll Irljap,il)g SAR system. Algol-itilrlls  for I~roccssinS a
stl ip IIIO(IC SAR il]cJLldc (] ) lallgC-l)op~]]cr  :I]golitt)[]l  [] ], (?,) tirllC ~]oll]airl  a]goritl)rn,  arl(i (3) c}lirp scalins
:Ilgoti(tlltl  [2]. A1llOIlg the,sC  :~]goritlllnsj  only ( 1 )  and (3) wi]] bc Considmxi  h e r e  (]UC to thCir hi@’J
till’OLl#l~lLlt rate. pcrforl]]allc,e.

‘1’k range-l >o~y>le,r al~OJ”i[}lIll basically is lir])itd to a ]minting n e a r ’  mu ])o~)~)]m.  ~]llt,  WhC[l
co[tlbitd  with tlm sccondaty  range complcssiorl  [3] , it lIlay  ~L’COIIIJrld;ltC  a I’CkitjVC!]y  hJ’gC1 ] )o~’l~)]c~
ILlll~C.. III ~,ellcral,  it is ca~)able  of stri]) rlloclc  SAR ])loccssi~lg  over a linlitcd  range of sqLlint angles. ‘1’his
alp,oli(]ll]l  i s  v~ry Cfficie,]lt  al~cl ~lavir,g a  v~l-y good j]rl;l~~ ql];l]jty. ]]~](,  j[s ~)})asc  a~cLIJ’ilcy  is Worse ~tl~[l  ttl~
cllir[) scalil)g algorit}ll]]. ‘l’his a]gorilllrll  is cor)sidc!cc] as a catldidate filgorit]itn for a s(tip  IIIOde, SAR on-
bO[\J’d pr’occssillg  W}ICn  SA]<  s q u i n t i n g  i s  n~[ qLjir  Cd :ul(j  w}lcIl its l)}  I:ISC  accu~:lcy rll~~,[s  tl”le, syStCIll
rcquircmmt.  “1’hc data ftOw fjiagrarrl of this algorithrl]  is dc])ictcd irl l;i~urc  1.



. “1’hc chirl) scaling algorithm Is capable of hantilil]~ SA1< data with very la! sc sqLlill(  angles an(i has a
veIy accurm  phase in its coInplex  ilnagc.  “1’hc ciisa(iv:mta~rs  of this aigoriltllll  is tha[ ( 1 ) it is incfiicient  in
hulltili!lg ia]-gc changes  of the IIopplcr  mn[roi[i wit}] range, (~) i~s cfficiCncy  III(IY  bc dcgmimi  by ml
il]lpcriee[ miar  chirp (norllinear  IN4), an(i (3) it is only an al>]J1c)xilt):i(ioIl  for norl-rcc[ili[lcar gcornetry,
Sirlcc it is cc>lll~)lclllcrlt;tly  to the rm~,c-llopplcr  aigo! ithl]}, it is aiso considered as a c:lncii(ia(e  processing
al~orith~l]  for a stri]~ mocic  SAR.

7?~.-. ScanSAl{  Mode  Algorithm

3’IKVC exists several similar algorithms for ScmSAR processing. A rcia[ivcly  well known algorithm
is [hc SPI;CAN [4] processing algorithm. “1’hc Sl)l;,~AN  algolitll[l~  is cc~ll]])~l[:~tio]]:~lly  cfflcicnt. It has a
vc~-y goo(i ilnagc  quaiity when the ransc nligration of each  ta rge t  observed in  each rwiar burst is
:l])~)l”oxllll;ltc.]y  ]inmr. .Sirlcc  [he. illlagc gcncratc[i  flcJ1n the S)>} ;~AN al~ori[hn]  is ijl range-J lopplcr
COO] dilmtc, i t  n~ust bc rcsmn[~lcri  i n t o  a mojcction  coorciinatc  before Iook owrlav  or beam- twbe:ln]. A

nlosaickillp,.  ‘1’tw ciata  flow diag~aln  of [Ilis al So”ritlllll  is cic[)ictcLi  ill l:i~ul-c  2,
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[’iyu]c 2, SCal)SAR  St\R Piocck\IrI: Al~Ori[}lll],

‘1’llc arl]ourlt of arithfllctic  o])cratiorls  ]cquileci  rrlus[ bc cstirr)a[ccl for asscssirlg  t}lc  p r o c e s s o r
‘corl)pu[ation  load rcquircmcr]t.  I;or real-tilrm SAR proce.ssillg,  this load is a functloll of the irlpLlt  data rate,
wl)ic}]  is dctcrlrlirlcci  by the range s:u]l~)lir]g bandwidth fs scaic[i  by the pro[iuct of range gate. wirl(iow
duration ‘I’g and tllc pulse rcpc(i[ion fleqLmlcy I’RI;. ‘J’hc ICa-tilrrc  pl occssillg  tllmLlghput  rate rcquircrljcnt
is tl)ctcfoic  tl)c ])ro[iuct of the SAR inpu[ data rate al]ri  the Incan llLlll~bcr  of floa[irlg ]Ioirlt opera t ions
(1 i ,()})) required fol each ini)ut  J)ixcl.

“1’hc alnoullt  of nmnm y rcqLlircci  for SAR processing is cs(inlatc(i  bawxi on the lcc]uircd  inIjLlt anti
out[)Llt  buffer size of each stage for each a]gorithln. ‘1’ilis si7c is also a fulrctior)  of the I;iciar  opcratirl:
wavelength .  ]  ,istcd  in ‘1’a[>]c  ] arc t})c colfll)uta[iOfl  load  arid rnctrmry Si7,e.  I-cql]iwl]lcn[ for tlo[}l  t]lc strip
JI)oc]c all(i SGIJ]SAR  ]node algoritlltrls. ‘1’hc cl]irp scaiirig  algo]itllrll  is rllorc (icmanding  t h a n  the range-
JJopplcr  algorit}llil.  CI’hc SI’IiC;AN algolithnl  is relative lCSS (icIrlall(iirlS  than tllc stri]) mode alp,oritllrr-rs.
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/\ ]>]og]:~]l)ll~:tble  011-’OOal’Ci  S~U/ ~)l”OCCSSOI’  ilnIdcl)mltCd  01] a &lCI’:li  PIII’l)OSC  CO1ll])lltCI”  1S Oi’ :1’e:l[
i!l[cvcst  in the fulurc. l’his approach is studied by cstinming t})c rcq Llireci  processing ca]mbi]ity  thmLlgh
benchmarking the effcctivc I‘1 .Of’ of scvcrai cmdi(iatc piatforlns,

A more prac[icai approach at the prcsmt tirrlc is base.ci  011 cLlstotn  har(iware, A fLli]y pipciincci  ori-
boarci SAR poccssor  is shown in Fi~;ul c 3. ]Iowevcl  , in oI”(icr  to Ilxiucc  the cost of SLIC1l an approxil,  (I[1C

must n~inil]lim the nulnbc!” of fLux3ional  n]o(iLllcs  by incorl)ora[ing siigljtiy (ii ffcrcnt fLlm3icms  into a Slllg]C
fLlnctionai  I]mdu]c. ‘l’he ~)lanid  fLlnctional  mxiu]cs iIIclLdc  l;l’’]’, H)cmmy han{iiing,  rcfcvmcc! .gcncration
at](i mLd[iply,  interpolation, anti post image prc~cessin~).

Spccifica[ions  of cad] SAR functional n]o(iLllc is bticfly  (ic.scribd in the, following:
c ‘1’hc 11’1~1’  moLILIlc  perforjns  a standmi F~lrl’  find cm be ilnplcn~clltc(i  by Llsillg  an may of I)SP clli]) (e.g.
}31)S1)9124  of l~ot[crfty l>S1) inc.) . ‘J’hc 50-Mhz.  IIIM}’91 ?4 does a 24 bit complex 1024-11:1’  in 64 uS.
● ‘1’hc nlcmory hancilins moduic  shail be capable of ciata bul-fcring, strip ~nodc  corilcr tLIIi], ar]ci ScanSAR
IIK)(iC COI-JICI’. ~’}lc m e m o r y  h:llld]iIlg  IIIOddC  is bascxi  on a ping-pong  bLlf’~Cr a] ’ChitCCtLII’C  With a IHll]tl-IllOdf?
address control.  q’hc I]lLllti-l{)ocic  acidrcss control su~jports  the following  cc~i~flgLIIzltiol)s:  onc-1N-two-C)tJ’1’
ill sai]lc dimension, OnC-IN-OrIC-OIJrl’  in diffcrcrlt (iilnc.llsiorl,  onc-IN-two-OUrl’  in SaIIIe (iir  ImIlsion,  OIK -
lN-two-OU’l’  in different dimension. “1’hc requirenmnt of lnil)irl~(ll~l  nL]IIibcI  of bits ndcd to re~]]cscnt  a
SAR COII]l)lC.X  or rcai saII)])ic is cicriveci  al]d Hscci to rni]]i]niz,c  [he rcq L]j]c(i power and weight of t~lc IIICrl IOI-y
han(i]ing  nmiuic.
● ‘1’hc lefcrcnce generation and lnLllti]Jly  is based 011 a multi~)ic.  1,lJ’1’s Ilic.timd  whicil gcl]crate 1 -1) anti 2-1)
polyrlomiai  functions anti wcigh[illg fLlllctions.  It takes sil)c and cosirlc of t}]c ~mly[lonliai  fLlnctions,  and
IImltiplies  with [he SAR data,
“ “J’he.  inteqmlation  ILIOdU]C  is baseci  On a ~-)rogl:ii]]rll:lt)]c  jiirlcI  - ~ j r o d L ] c [ - l i k e  I) ICKCSSOI wh]cl] pCIfOI ms 1 - J )

weighted  sLlm intcrlwlation  aiong eitllcr ciimcnsion  0] 2-1> wci~htccl  sulll  ir)tcrJmla(ion.
● ‘]’hc Jms[ irnap,c pmccssing  modu]c is based on a ]>.$]’ arl ay which  J)crfol”ilis  illlage,  dcte.cliol],  ovcl’iay, ad
lcmk l)ol-lIl:lli7,a(iorl.
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1 ‘igurc 4 shows at] arcllitcc(Lm  dia~ram foI an cxpcrillmn[al on-board S~lR prwxssor  based on
cL]s[oI~] hal dwaic.  V’hc host computer is a P~l/l)owcxlT  based computer. Special SAR hardware n]ociLllcs
arc intcgated  inlo a  sillglc l)(;l card case. ‘1’hc, fjvc fLll]c[iollai  mo(iulcs dcfiIicd in section 3 can be
im~dcn)en[cd  or]to a configurable processor board. 1 ;i~,urc  5 shows an arc!litc.cxurc  diagram of this
conj; gLII”ablc processor’. It inclLdes  d IY3 interface, a I ‘1’GA-based control]cr,  d IX]’  may prOCeSSOr

-, a
lllll]ti-nloCie  II KIIIOry  h a n d l i n g  Llnit, a rcfmmc  gCIICratiOrl  ard Inuitip]y,  and a SAR Ckrta dil’C.Ct inpLlt/oLl(~)Llt

inteIface.  “1’hc.  processor bead cm be configured for thrm SAR lmoccssin~ stages shown in I;igLue 3 : (1)
a ?-l) fmqLmncv domain range colnpressor,  (2) a 2-1) frcc]Lmmy clolnain a?lilnuth  compressor, and (3) an
intc] ~mlation  m];i post imasc poccssing  board. ‘1’hc pmljoscd  SAR processor basui  on custom hardware
l>roviLics ar) cffcctivc  solution to achicvc a hi~ll-  [Jcrfc)r[l]ancc Iow-imwcr SAR processor for on -board-. .
a~)])lic:itions  at a datively low cost,
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l;igLlr  c 5. ArI Ll[lificd proce.sso[ ar chite,cture.  for different
Sf\R p~ccessi[]g  stages.

~1 plclinlirIary report on the stucly rcsul[ of sj)accbor[lc  SAR on- boar(i  processing is ~jrcscllted,  IIoth
stl-il)  n]cde a]]d SCan SA}< rI-r OCIC processirlg algorit}]ms  arc stLldie,d. lrl~~~lct~-lctj[:ltiotl  apl Jroachcs  inc]udc
$CIICI  al l)Lll’JK)sC  cc) InpLltcr based SystcIll ad CLISt OIIl  hardware based systclil. An cx~}crin]cntal  SAR
JJ1occssoI aIchitcctLlrc  is ~mescntcd.
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